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Slide 1-Cover slide (Myonephropathic 
syndrome - MS) 

*look at the concept of MS, AKI (acute kidney 
injury) and the concepts around renal 
replacement therapy as part of the critical care 
concepts regarding trauma 


Acute Kidney Injury 


GFR criteria 


1-5-fold increase in 5 
or GFR decrease > 25% 


Two-fold increase in 3 
or GFR decrease > 90% 


| Three-fold increase in > y 
Failure || GFR decrease >7 596, S a =4 mg/dl, 


oracute rte in ees 20-5 mg/dL 
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End-stage kidney disease & 3 months) 


2 
EE 4) 035 / 5 


Urineo utp ut criteria 


UO «0-5 mU kgh for6 h 


UO «0-5 mL kglh for12 h 


UO «0-3 mL kglh for 24 h 


oranuna for12h 


Complete loss of kidney function 4 weeks 
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Slide 1-AKI 

*as far back as 2002 there was no real 
classification of what we now call Acute Kidney 
Injury 

*many different classifications of what was acute 
renal failure were banded about and nobody had 
any standardisation - this made comparison and 
collation of results very difficult 

*in 2002 then, the Rifle Classification risk, injury, 
failure, loss and end stage kidney disease was 
promoted 

*this looked at either change in GFR (Glomerular 
filtration rate) or change in urine output. 


RIFLE 


Cri GFR Criteria Urine Output (UO) Criteria Cr Criteria Urine Output (UO) Criteria 


Increased Cr x1.5 UO «0.5 ml/kg/hr 
or x 6 hr 
GFR decreases >25% Stage 1 


Increased Cr x1.5 UO «0.5 ml/kg/hr 
or x 6 hr 
20.3 mg/dl 


Increased Cr x 2 UO «0.5 mi/kg/hr 
or x 12hr 
GFR decreases >50% 


Injury Stage 2 Increased Cr x 2 UO «0.5 ml/kg/hr 
x 12 | 


Increased Cr x < i 
00 - Crx 3 UO «0.3 ml/kg/hr 


GFR decreases >75% x 24 hr Increased Cr x 3| UO «0.3 mi/kg/hr 
Failure of or or x 24 hr 
Cr 2 4 mg/d anuria x 12 hr Cr < 4 mg/di or 
(wan acu beng (with acute rise | anuria x 12 hr 
of è 0.5 mg/dl) of 2 0.5 mg/dl) 


Persistent ARF 
complete loss of renal function 
for > 4 weeks 
Patients who receive renal replacement therapy 
End Stage Renal (RRT) are considered to have met the criteria for 
Disease Stage 3 irrespective of the stage that they are in 


at the time of commencement of RRT | 


KDIGO: gr 1 »26umol/l creat up in 48 / gr 3 absolute > 356umol/l creat 


Slide 3-RIFLE:AKIN 
*and therefore the RIFLE was updated by the 
Acute Kidney Injury Network (AKIN) to the AKIN 
classification where the loss and end stage kidney 
disease were dropped and the risk injury and 
failure were re-classified as stages 1, 2 and 3 
*again the values were pretty much unchanged 
*an increase of 1.5 times or a 50% increase in the 
creatinine or an absolute change of 
26micromols/L made you stage 1 

*alternatively a urine output of «0.5ml/kg/hr for 6 
hours 

*again see the similarity here for the urine output 
for shock 

“stage 2 was a doubling of the creatinine or a 
drop in the urine output (UO) of <0.5m//kg/hr for 
more than 12 hours 

*and finally stage 3 was a tripling of the creatinine 
value or an absolute creatinine value >4mg/dL OR 
356micromols/Lor an acute rise of around 
o0mg/micromoles/L which is equivalent to 0.5g/dL 
*and this occurs within a 48 - 72 hour period after 
an acute insult 
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Definition 


Crush syndrome is myoglobinuric 
acute renal dysfunction which 1s the 
secondary result of major muscle 
damage. 


+ More correctly called 
Myonephropathic syndrome. 
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Slide 4-Definition 

*One of the causes of AKI which we see commonly 
in the trauma and medical emergency population 
is CRUSH SYNDROME or more correctly known 
as MYONEPHROPATHIC SYNDROME ora 
PGIMENT NEPHROPATHY 

*usually results from major muscle damage but 
can also result from severe haemolysis in medical 
emergency (MedE) patients 


RIFLE 


Cri GFR Criteria Urine Output (UO) Criteria Cr Criteria Urine Output (UO) Criteria 


Increased Cr x1.5 UO «0.5 ml/kg/hr 
or x 6 hr 
GFR decreases >25% Stage 1 


Increased Cr x1.5 UO <0.5 ml/kg/hr 
or x 6 hr 
20.3 mg/dl 


Increased Cr x 2 UO «0.5 mbkg/hr 
or x12hr- 


Injur 
oy GFR decreases >50% 


Stage 2 Increased Cr x 2 UO «0.5 ml/kg/hr 
x 12 hr 


Increased Cr x 3 T 
ncrea 7 Cr x UO «0.3 mbkg/hr 


GFR decreases >75% x 24 hr Increased Cr x 3| UO «0.3 mi/kg/hr 
Failure of or or x 24 hr 
Cr 2 4 mg/d anuria x 12 hr Cr è 4 mg/dl or 
(with acute nse (with acute rise | anuria x 12 hr 
of è 0.5 mg/dl) of 2 0.5 mg/dl) 


Persistent ARF 
complete loss of renal function 
for > 4 weeks 
Patients who receive renal replacement therapy 
End Stage Renal (RRT) are considered to have met the criteria for 
Disease stage 3 irrespective of the stage that they are in 


at the time of commencement of RRT | 


KDIGO: gr 1 »26umol/l creat up in 48 / gr 3 absolute > 356umol/l creat 


Slide 3-RIFLE:AKIN 
*and therefore the RIFLE was updated by the 
Acute Kidney Injury Network (AKIN) to the AKIN 
classification where the loss and end stage kidney 
disease were dropped and the risk injury and 
failure were re-classified as stages 1, 2 and 3 
*again the values were pretty much unchanged 
*an increase of 1.5 times or a 50% increase in the 
creatinine or an absolute change of 
26micromols/L made you stage 1 

*alternatively a urine output of «0.5ml/kg/hr for 6 
hours 

*again see the similarity here for the urine output 
for shock 

“stage 2 was a doubling of the creatinine or a 
drop in the urine output (UO) of <0.5m//kg/hr for 
more than 12 hours 

*and finally stage 3 was a tripling of the creatinine 
value or an absolute creatinine value >4mg/dL OR 
356micromols/Lor an acute rise of around 
o0mg/micromoles/L which is equivalent to 0.5g/dL 
*and this occurs within a 48 - 72 hour period after 
an acute insult 
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Definition 


Crush syndrome is myoglobinuric 
acute renal dysfunction which 1s the 
secondary result of major muscle 
damage. 


+ More correctly called 
Myonephropathic syndrome. 
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Slide 4-Definition 

*One of the causes of AKI which we see commonly 
in the trauma and medical emergency population 
is CRUSH SYNDROME or more correctly known 
as MYONEPHROPATHIC SYNDROME or a 
PGIMENT NEPHROPATHY 

*usually results from major muscle damage but 
can also result from severe haemolysis in medical 
emergency (MedE) patients 


—— OT [M 
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Myonephropathy Problem 


Syndrome not a disease 
Look for the cause 
Prevent worsening 
Avoid nephrotoxins 
Try to recruit nephrons 


Early dialysis reduces length of dysfunction 
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Slide 5-Myonephropathy problem 

*it’s a problem because it is syndrome, it is not 
causes by 1 pathology 

*once the patient has it, if we do not prevent it 
worsening, their kidney function goes then their 
whole system is damaged 

*we can prevent it from worsening by doing 
volume resuscitation and trying to preserve 
kidney flow 

*avoid nephrotoxins, recruit new nephrons and 
consider early dialysis if the patient is not passing 
adequate volumes of urine 
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Pathophysiology: Two types 


+ Aerobic Crush 


% Sjambok assault 

+ Blunt object assault 

+ Multiple fractures with soft 
tissue injury 

% No compartment syndrome 
req. — primary renal injury 

+ No ischaemic-reperfusion 
episodes 
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Slide 6-Pathophysiology: Two types 
physiologically 

*there is an aerobic crush syndrome usually 
seen with sjambok assaults, with blunt object 
assaults and in patients who have multiple 
fractures with associated tissue injury 

*they DO NOT have the classic re-perfusion 
episode and there may not be a compartment 
syndrome present 

*these patients appear to primarily suffer from 
renal injury and other than that their lungs and 
heart are protected unless they give fluid overload 


——— OT ee 


Pathophysiology: Two types 


+ Anaerobic Crush 
+ Typical *Bywaters-Beale" 
+ Structural collapse 
+ Prolonged entrapment 
+ Earthquakes 


* May have compartment 
syndrome 


+ Usually ischaemia present 
+ Systemic manifestations 
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II 4) 5:50 / 5 © Dm ix 3s». 


Slide 7-Pathophysiology: Two types 

*the other type anaerobic crush: classically 
described as “bywaters-beale” disease 

*Bywater and Beale where 2 positions UK during 
the BLITZ in London - they were seeing people 
rescued from under collapsed buildings from the 
bombing that the German’s were doing on London 
- and found that they look externally well but 
were rapidly dying in 2/3 days from 
hyperkalaemia and renal failure 

*what had happened with these patients is that 
they’d had structural collapse with a prolonged 
entrapment and compression of the structural 
elements on their limbs and when they were 
released they had a re-perfusion and this lead not 
only to cardiac and renal pathologies but also the 
S/E on the lungs from the inflammatory response 
*and keep in mind there was no ventilators or 
dialysis machines during WW2 

*these patients may certainly present with a 
compartment syndrome 

*they usually have an ischaemia re-perfusion 


Pathophysiology: 


Muscle cell ischaemia 

Loss of membrane integrity: Cellular swelling 

May lead to increased compartmental pressure 
Increased ischaemia 

Consequence: Compartment Syndrome/Myonecrosis 


Not universal with soft tissue diffuse injury pattern — no ischaemic 
phase — much less systemic injury, mainly renal 


Reperfusion: 
Myoglobin to circulation 
Other toxic metabolites 
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Slide 8-pathophyiology - what is happening at 
cellular level? 

*there is muscle cell ischaemia & when cells are 
ischaemic they lose membrane integrity 

*this leads to water influx followed by sodium 
*and the sodium, potassium junctions are not 
functioning effectively, this leads to cellular 
swelling 

*muscles are mostly found in compartments 
covered by a rigid fascia 

*this leads to swelling within a rigid compartment 
“which leads to a 2" period of ischaemia on the 
basis of capillary compression 

*the consequence is a COMPARTMENT 
SYNDROME with myonecrosis 

*if this does not get released within 2 to 3 hours 
or if the pressure is not reduced 

*the tissue dies and the limb is lost 
*re-perfusion occurs when the pressure is 
released or when the fasciotomy is done 

*this leads to myoglobin being flushed into the 
circulation along with other toxic metabolites incl. 


Pathophysiology 2 


Relative hypocalcaemia - moving intra-cell 
Myoglobin 1s nephro-sedimentary 
Potassium 1s cardiotoxic 

Various oxygen radicals formed 
DILEMMA 

Obstructive nephropathy followed by ATN 
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Slide 9-pathophysiology 2 

*this also leads to a relative hypoCa because the 
Ca/Calcium moves to the intra-cellular space 
*the problem with hypoCa is that the 
hyperkalaemia is cardio-toxic and cannot be 
excreted because the myoglobin sits in the 
kidneys causing an obstructive nephropathy and 
toxic glomerulopathy 

*additionally, there is a number of super-oxide 
radicals that are formed and these affect the 
inflammatory process throughout the body 

*so we end up with a dilemma 

*we have an obstructive nephropathy which 
progresses to an acute tubular necrosis (ATN) 
*At the same time when you want a functional 
kidney you get rid of the excess potassium 
*now your patient is facing a serious crisis 


Pathophysiology 2 


Relative hypocalcaemia - moving intra-cell 
Myoglobin 1s nephro-sedimentary 
Potassium 1s cardiotoxic 

Various oxygen radicals formed 
DILEMMA 

Obstructive nephropathy followed by ATN 
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Slide 9-pathophysiology 2 

*this also leads to a relative hypoCa because the 
Ca/Calcium moves to the intra-cellular space 
*the problem with hypoCa is that the 
hyperkalaemia is cardio-toxic and cannot be 
excreted because the myoglobin sits in the 
kidneys causing an obstructive nephropathy and 
toxic glomerulopathy 

*additionally, there is a number of super-oxide 
radicals that are formed and these affect the 
inflammatory process throughout the body 

*so we end up with a dilemma 

*we have an obstructive nephropathy which 
progresses to an acute tubular necrosis (ATN) 
*At the same time when you want a functional 
kidney you get rid of the excess potassium 
*now your patient is facing a serious crisis 


Myoglobinuria 
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Slide 10-myoglobinuria 

*they present classically with DARK URINE which 
may be rose coloured, but certainly progresses 
rapidly to dark Coca-Cola coloured myoglobinuria 
*this is an indication that the kidney is obstructed 
and that the tubules are sloughing 


Causes 


Most commonly after reperfusion of compartment 
after fasciotomy / release from entrapment 


SA: Sjambok beatings / community justice 
Alcoholic rhabdomyolysis 

Exhaustion rhabdomyolysis 

Electrical > other burns 


Lightning injury, drugs and snakebite rarer causes 
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Slide 11-Causes - there are numerous causes 
*most commonly in SA we see this sjambok or 
other community assaults - where the community 
has taken their own initiative to punish a 
Supposed criminal 

*it is also noted after alcoholic rhabdomyolysis, 
exhaustion rhabdomyolysis (seen in KZN after the 
comrades marathon or even after the Amashovo 
bicycle race) 

*it is seen after burns particularly electrical burns 
and lightening injury 

*and occasionally after snakebite and certain drug 
reactions (particularly, puff adder bites which are 
quite severe) 

*as you can see numerous causes all leading to 
the same eventual pathophysiology of muscle 
breakdown, myoglobin free in the circulation 
which is filtered out causing renal dysfunction/AKI 
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Slide 12-image of arm, severely injured - 
example of severe soft tissue injury 


Clinical features: Detect Early 


Tramline marks on skin 

Evidence of prolonged limb compression 
Compartment syndrome present 

Oliguria 

Coke-colored urine 

Mechanism with prolonged entrapment 


Evidence of diffuse extensive trauma / burn 
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Slide 13-Clinical features: detect early 
*tramlines on the skin 

*prolonged limb compression 

*presence of compartment syndrome (vascular 
trauma lectures) 

*presence of oliguria or coke-coloured urine 
*and a mechanism suggestive of this pathology 
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Slide 14-image of arm (tyre marks on arm) 
*gentlemen who was working under his vehicle 
when the vehicle collapsed, and the wheel of the 
vehicle trapped his arm and chest 
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Slide 15-image of man in hospital bed 
*typical case of what we used to of patient has 
been whipped by the community 


Slide 16-image of man’s chest and abdomen 
(with tattoo) 
*tramline markings on skin 
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Slide 17-Image of legs with reddened knees 
*tramline markings on legs 


Slide 18-image of back of patient 
*tramline markings on back 
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Laboratory diagnosis 
No one diagnostic test 
U&e: Raised K, Urea and Creat are danger signs 


Venous bicarb: <17 mmol/l poor prognosis 


Muckart DJJ, Abdool-Carrim ATO. Pigment-induced nephrop- 


athy after Sjambok injures. S Afr J Surg 191:29:21-4 


Blood gas: Avoid acidosis / hypoxia 
CPK: Indicator of extent of muscle injury (>8000*) 
Urine dipstix and microscopy: Blood (+) but no cells 


II 4) 1126 /20:05 ® WW 1x # 5. 


Slide 19-Laboratory diagnosis 

*here is the bad news there is NO ONE DIAGNOSTIC 
LABORATORY TEST 

“the U&E can guide us if it is raised potassium, raised urea 
and raised creatinine 

*the venous bicarbonate has been shown way back in 1991 
already by David Muckartt and his co-workers to be a marker 
of a poor prognosis - it suggests that if the venous bicarb is 
<17 there is significant metabolic acidosis that has occurred 
and the bicarb has tried to compensate 

*this study was replicated by Skinner and company very 
recently in a cohort from Pietermaritzburg showing exactly the 
same results 

*on Blood gas one wants to avoid acidosis and hypoxia because 
these are always bad for the injured patient 

*and the creatinine Kinase/Creatinine Phospho-Kinase (CPK), 
depending on what lab name is used to the test is an indicator 
of the severity of muscle injury 

*a single value measured approximately 6 hours or more post 
injury, if it is >8000 is suggestive of significant soft tissue 


injury 


complications(Renal f allure); LS Means complications(Renal failure). LS Means 
Current effect: F(1, 332563 679, p=<0 01 Mann-Whitney U p<0.01 Current effect: F(1, 328)=15 532, p=<0 01 Mann-Whitney U p<0 01 
Effective hypothesis decomposition Effective hy pothesis decomposition 
Vertical bars denote 0 95 confidence interv als Vertical bars denote 0.95 confidence interv als 
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Slide 20-Useful messages 

*some of the work that we did when I still lived in 
Cape Town suggested that if patients have a 
higher than 8000 CPK or a >18% body Surface 
Area (BSA) bruising their risk for requiring renal 
replacement therapy was significantly higher 


——— OT [e 


Linear correlation between BSA and renal failure (71897 - 
predicted renal dysfunction) 


Significant correlation CK to ARF: 728500 
8396 Renal RISK — only 1796 RRT (Failure) 
RISK reversed by early saline flush 
Mortality 5% 


Penetrating trauma group: delayed presentation — 8.896, massive 
tissue destruction and vascular injury 


Blunt group: death a.r.o Head or MODS 
Bicarb and mannitol had no effect on reduced need for RRT 
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Slide 21-Linear correlation 

*there is a linear correlation between Body 
Surface Area and renal failure 

*and there was a significant correlation between 
the CK/CPK to ARF (acute renal failure) as well 
*fortunately for our patients 83% of them fell into 
the risk or stage 1 category and recovered by 
simple early saline resuscitation 

*the mortality in this group of patients is usually 
very low 

*in the penetrating group it is usually as a result 
of massive tissue destruction and their limbs, with 
penetrating trauma to the vascular structures 

*in the blunt injured group most of them will die 
not as a result of their AKI but as a result of 
associated injury such as to the head or when they 
develop multi-organ dysfunction syndrome should 
they progress to sepsis 

*importantly, many of the textbooks even the more 
modern ones refer to bicarb and mannitol as 
adjunctive therapies 

xin our natient nanulaton in Cane Town thie had 


Skinner DL, Hardcastle TC, Rodseth RN, Muckart 
DJ. The incidence and outcomes of acute kidney 
injury amongst patients admitted to a level | trauma 
unit. Injury, 2014, 45(1): 259-264. 

+ Sjambok crush had a better prognosis 

+ No need for mannitol or bicarb 


+ RIFLE classification practical 
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Slide 22-Skinner DL 

*We did some work on this pathology, when I 
moved here and David Skinner did his masters on 
this and is currently working on his PhD 

*and we showed that in our Durban population the 
sjambok crushes definitely have a better 
prognosis and recover quicker (within 3-4 weeks) 
*there was again no need for mannitol or bicarb 
*and whilst this was done in 2014 the AKIN 
classification have not yet been developed 

*and we use the RIFLE classification and found a 
practical useful 
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Treatment: Prophylaxis 
Think of the diagnosis and start fluids early 


Normal saline or RL — 500ml / hr (hyperkalaemia) 
72 N/S may be better 

Obtain urine output of >1ml / kg / hr 

Theoretically NaHCO3 - till urine pH 76,5 or 

systemic pH 77,5: Solubilise the pigment* 

Mannitol is nephrotoxic* 
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Slide 23-Ireatment: prophylaxis - 1 of 2 
possibilities 

*if you suspect this in a patient presenting to you 
at this stage have normal U&E's, normal venous 
bicarb - PROPHYLAXIS is important [] you want to 
prevent them from getting the sedimentation in 
their kidney 

*normal saline or ringer's lactate even though it 
has a little bit of potassium - at 500ml/hr to obtain 
a urine output in excess of 1ml/kg/hr is the 
prophylaxis of choice 

*there is some theoretical benefit to adding 
Sodium Bicarbonate until the urine pH is > 6.5 of 
the ph of the systemic blood is above 7.5 because 
this enables myoglobin to solubilise and be 
excreted the urine 

*mannitol however is nephrotoxic and should not 


be used in the management of these patients 
ANU more 
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Treatment: Established syndrome 


Correct electrolyte abnormalities 
Try to prevent oliguria 


Oligo-anuric: Fluid restricted to equal output and 
check 

Control hyperkalaemia according to standard 
therapy guidelines 

Early dialysis is required — chemical and not volume 
unless overloaded 


mm" | 
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Slide 24-Ireatment: Established Syndrome 
*once the patient has already gotten established 
AKI and they at stage 3 or worse degree 

*then it is important to correct their electrolyte 
abnormalities 

*try to keep them polyuric but DO NOT fluid 
overload them because then they require dialysis 
as an emergency 

*ensure that there is equal intake and output if 
they are oligo-anuric 

*control hyperkalaemia because that is the killer, 
not the kidneys and if you can refer them for early 
dialysis and certainly if they are tripling their 
creatinine and not passing any urine they should 
be dialysed as a matter of urgency. Rather consult 
early than consult too late 


Dialysis outcome 


SLEDD or Low-dose intermittent equal results 

No benefit from CV VHD - has issues around coagulation 
Given as “Dialysis cycles” 

Aim to half the urea/creatinine values per session 

Can use PD, but it is slower 

Watch when they become polyuric — second hit 
Average time to recovery of function 3 weeks 

Most will be temporarily hypertensive 
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Slide 25-Dialysis outcome - dialysis makes the difference 

*there is no real benefit of only 1 mode of dialysis over the other 

*But for patients who are unstable - CVVHD (continuous veno-venous haemodialysis) may have 
some advantages because it requires LOWER flow rates and SMALLER volume shifts 

*however, it also requires coagulation issues in that you have to have coagulate the entire patient - 
which if you have other injuries that may bleed is a challenge 

*so we generally use SLEDD (slow low efficiency daily dialysis) or low dose intermittent dialysis 
(LDID)- the difference here is the duration 

*SLEDD occurs over 6 - 8 hours whereas LDID requires no more than 4 hours but does require 
higher flow rates and is likely to cause more haemodynamic insult 

*dialysis is given as dialysis cycles 

*the aim is in the acute phase to HALF the urea and creatinine values in every dialysis session 
*and take off a certain amount of fluid w/o making the patient hypovolemic because we do not want 
to make the intravascular space under-perfused 

*one can use peritoneal dialysis but it is slower 

*so if working in a smaller hospital where you can do peritoneal dialysis you may do this whilst 
waiting for transfer of your patient 

*importantly, when patients recover they become polyuric and then you do not want to have a 
second hit, you need to keep up by giving half replacement of their losses on an hourly basis 
*the average time to recovery of function is about 3 weeks, usually this requires 5 - 6 cycles of 
dialysis in those that need dialysis 

*and most of the patients will be temporarily hypertensive 

*this works on the basis of activation of the RAAS and therefore unlike patients with renal artery 


Hardcastle@ukzn.ac.za /@vemadoc Twitter 
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